Abstract This study reviews the presentation, etiology, imaging characteristics and reasons for missed diagnosis of Andersson lesion (AL) and analyzes the surgical results of short segment fixation in the thoracolumbar region. This is a retrospective single center study. Fourteen patients (15 lesions) who were operated for AL were analyzed. The study was designed in two parts. The first part consisted of analysis of clinical and radiological features (MRI and radiographs) to highlight, whether definitive characteristics exist. The second part consisted of analysis of outcome of short segment fixation as measured by VAS, Frankel score, AsQoL index, and union, with assessment of complications. The follow-up was 42.33 ± 19.29 months (13 males and 1 female) with a mean age of 61.13 ± 19.74 years. There was predisposing trauma in five patients. There was a delay in presentation of the patients by 5.86 ± 2.50 months. There was misdiagnosis in all the cases, at primary orthopedic level (ten cases were put on anti-tuberculous treatment due to its MRI resemblance to infection) and all but one case at radiologist level. Radiographs and MRI had characteristic features in all cases, and MRI could detect posterior element affection in 14 lesions as against only 8 posterior lesions detected in radiographs. In all patients, there was a patient's delay and/or physician's delay to arrive at a diagnosis. Spinal fusion was seen in all the cases. Outcome measures of VAS, Frankel score, and AsQoL index showed significant improvement (P \ 0.002). No major complications occurred. There is a lack of awareness of AL leading to misdiagnosis. Definite clinico-radiological features do exist in AL and short segment fixation is effective.
Introduction
Andersson lesion (AL) is a destructive vertebral or discovertebral lesion that occurs as a late non-inflammatory sequel in ankylosing spondylitis (AS). It is a state of chronic mobile non-union with an essential posterior element fracture or unfused facet joints associated with the anterior lesion [1] [2] [3] [4] . With progression of AS, the inflammatory pain usually becomes quiescent [5] . A late onset mechanical pain is the first sign of AL but is usually neglected by physicians due to the chronicity of the AS [1, 2, 4] . Since the first description of AL by Andersson (1937) , the natural history, pathophysiology, clinical features, laboratory investigations, image findings, and even the terminology of AL have been controversial. The fractures occurring in AS are acute injuries, whereas AL lesions are chronic [1] .
Diagnosis of AL is difficult due to pre-existing spinal changes, osteoporosis, and radiographic resemblance to infective spondylodiscitis [1] . Surgery for unstable fractures in AS includes anterior/posterior decompression and fixation or both. Decompression, instrumentation, bone grafting, and various osteotomies for deformity correction have been reported and long segment fixation is usually preferred for fractures [1, 3, [6] [7] [8] , but surgical recommendations for AL are scarce.
The aim of this study therefore is to highlight the difficulties that exist in clinic-radiological diagnosis and surgical management. We specifically set out to test two hypotheses: (1) pathophysiology, clinical and imaging features to diagnose AL, and (2) short segment fixation consistently achieves satisfactory result.
Materials and methods
Between May 2003 and May 2010, 29 patients (30 lesions) of AL underwent surgery at our institute. On excluding 8 patients with cervical and 7 patients with inadequate follow-up, 14 patients of thoracolumbar AL (15 lesions) were included in this study with a minimum follow-up of 18 months. The data was obtained from the hospital medical records and all patients were seen for final followup. Their age, gender, duration of spondyloarthropathy, mode of present onset and its duration, previous physician's diagnosis, and treatment were noted. Preoperative radiographs and MRI characteristic analysis were done by (A.K.), (H.R.), and an independent radiologist.
Radiograph analysis
The radiographs were assessed for the presence of advanced features of ankylosis (syndesmophytes with bamboo spine). Anterior lesion defect, osteolysis, and widening with sclerosed irregular margins were noted along with the presence of posterior element defect.
MRI image analysis
We noted the signal intensity of AL on T1, T2-weighted and STIR images as low, iso-intense, high, or mixed, as compared with that of the nearest bone or posterior elements. Mixed signal intensity meant that the lesion was both hyperintense and hypointense (heterogeneous).
MRI image morphology
Characteristics of anterior and the posterior element affection were noted. When the signal intensity of the lesion (anterior or posterior) was as high as that of the cerebrospinal fluid, it was noted as pseudoarthrotic fluid. Loss of cortical definition of the anterior and posterior margins of the vertebral body was noted. This definition did not include endplate destruction of the vertebral body because the subchondral bone of the endplate/vertebral body is almost always involved in AL. Soft tissue mass and loss of fat planes and MR myelography block were also noted.
The senior author (B.R.D.) performed the surgeries on all the patients who were placed in the prone position under general anesthesia. The surgical indications were persistent pain, instability, and/or neurological deficit. The positioning was done with great care so as to accommodate the kyphotic deformity and the stiff neck. A midline posterior approach followed by instrumentation (monoaxial screws 6 mm with 5.5/6 mm connecting rods construct) of adjacent two vertebrae, one cephalad, and one caudal was done (four screws). In cases where it was not possible to negotiate a screw, the construct was extended to include the next segment (five screws). Laminectomy was performed in all cases with neurological deficit. Transpedicular intralesional curettage was done and material was sent for histopathological examination. Posterolateral and transpedicular bone grafting (n = 5) with locally harvested bone/ tricalcium phosphate was done in all the cases. No attempt to correct the deformity was done. Physiotherapy in all cases along with ambulation (n = 6) was started in those who had adequate motor power. Patients were followed every 6 weeks until union was achieved and at final followup. Modified Taylor brace was given to all patients for 3 months. One patient without any evidence of posterior lesion underwent surgery with percutaneous vertebroplasty considering his age of 77 and low physical demands.
Results were analyzed at the time of presentation and at final follow-up for improvement in VAS score [9] , neurological Frankel grade [10] , ASQoL (Ankylosing Spondylitis Quality of Life Questionnaire scoring), [11] and radiological union. An independent radiologist read the radiographs taken at the final follow-up for determining the fusion status. The lesion was considered united if radiographs demonstrated a bilateral continuity in the fusion mass between the cephalic and caudal transverse processes with anterior defect bony bridging with no angular motion between the vertebrae noted on lateral flexion-extension radiographs. Complications or other sequelae were assessed.
Statistical analysis
Data were expressed as mean ± 2 standard deviations for demographic variables. Preoperative and postoperative differences in VAS score, Frankel neurological grade, and ASQoL score were calculated with Wilcoxon signed ranks test. All tests are two-sided and statistical significance was set at P \ 0.05. All analyses were carried out using the SPSS (Statistical Package for the Social Sciences) version 17.
Results
The average follow-up was 42.33 ± 19.29 months (range 18-73 months). There was no loss of follow-up. Two patients died of other non-spinal cause. There were 13 males (14 lesions; one patient had double lesion) and 1 female with a mean age of 61.13 ± 19.74 years (range 47-83 years). The onset of spondyloarthropathy was since 30.67 ± 4.27 years (range 23-38 years). The average time from the onset of present new pain to presentation was 5.86 ± 2.50 months; five lesions had trivial traumatic history and ten had insidious onset. All the patients had consulted the general community physician following persistent mild pain for 4-6 weeks and were not diagnosed in spite of the imaging. They were diagnosed with pathology after a further delay of 5-7 weeks. The initial radiographs at onset were available with five patients but were reported to be negative, before they presented at our institute. Radiologists reported MRI as tuberculous infection (n = 12), malignancy (n = 1), pseudoarthrosis (n = 1), and AL (n = 1). Orthopedic surgeons diagnosed infection in all patients; anti-tuberculosis treatment was started in 10 and the rest were referred.
The radiological features as analyzed are tabulated (Tables 1, 2 ). Lesions were transdiscal (n = 9) and transvertebral (n = 6).
Increased systemic inflammatory responses, including elevation of ESR and CRP, were found in five patients. Infection was excluded with negative culture and microbiologic studies. Histopathological examinations were reported non-specific inflammation with hypo vascular fibrotic tissue (with only a few lymphocytes) in all lesions.
Neurological improvement was noted in 12 patients [Frankel B-D (n = 2), C-D (n = 1), C-E (n = 2) and D-E (n = 6), A-D (n = 1)] and 2 remained status quo (one D and one E).
VAS score improved from 9.13 ± 1.82 (range 7-10) to 3.47 ± 1.26 (range 2-4) and was statistically significant (Z = -3.457, P = 0.001). Frankel neurological grade improved from 2.53 ± 2.24 (range 1-5) to 1.33 ± 0.96 (range 1-2) which was statistically significant (Z = -3.140, P = 0.002). ASQoL score improved from 13.93 ± 7.06 (range 5-18) to 5.33 ± 9.52 (0-16) was statistically significant (Z = -3.299, P = 0.001).
There were no major intraoperative complications. Two patients had dural tears repaired with dural path graft. Instead of the four screws as planned, four patients required five screws and a segment extension. One case of superficial skin necrosis responded well to regular dressings. There were no implant failures. Following trivial trauma, a new AL developed at a different location for which one patient underwent surgery. He then died of non-spinal cause at 18 months following the second surgery. One patient expired due to ischemic heart disease and chronic alcoholism.
Discussion
The reported prevalence of vertebral fractures varies widely (10-17%) and the incidence of neurologic complications is very high (29-91%) [7, 8] . The exact prevalence of AL complicating AS in literature is unknown, but reported prevalence ranges from 1.5% to over 28% [1] [2] [3] [4] [5] [6] [7] [8] . This large variation is because of the lack of proper diagnostic criteria and the differences in the extent of spinal survey undertaken. The eponyms 'Andersson lesion', 'disco-vertebral lesion', 'vertebral lesion', 'destructive vertebral lesion', 'spondylodiscitis', 'discitis', 'sterile discitis', 'pseudarthrosis' or 'stress fracture' all reflect the discrepancy in the terminology used by the specialists, both rheumatologists and orthopedic surgeons [1] . Pseudoarthrosis most commonly involves the thoracolumbar region of T11-L1 [6, 8] .
Multiple possibilities for etiology
Multiple possibilities for etiology of AL have been described. These include repetitive stress on skipped segments that have not completely ossified [2] , a biomechanically weak hyperkyphotic spine [2, 6, 7, 12] , trauma [3] [4] [5] [6] , and progressive inflammation too [1] . It is worthwhile noting that inflammatory lesions usually affect multiple levels during the early part of AS. Nevertheless, AL often involves only a single level, indicating that additional factors could be involved [14] . An infectious origin has also been suggested because of the radiographic resemblance to spondylodiscitis [15, 16] , but this has never gained much popularity in literature. Regardless of the exact etiology, a final common pathway exists, in which mechanical stresses prevent the lesion from fusion and the development of pseudarthrosis ensues [1] . The presenting symptoms in cases of AL are mechanical pain, deformity, and occasionally neurological deficit [2] [3] [4] [5] [6] [7] [8] .
In the context of patients with longstanding ankylosing spondylitis, the physicians tend to ignore the symptom of pain. Unfortunately, it has been shown that in a large percentage of cases, the correct diagnosis is not established until after the patient has already experienced a decline in neurologic function [17] . Unless there is a trauma with acute new back pain, spinal fracture in these patients may be easily overlooked. Because of the presence of a chronic problem, the patients and physicians might not be aware of a new pathology-pseudoarthrosis (AL) [4, 18, 19] .
The extent of awareness is so low amongst the orthopedic surgeons that they even initiated anti-tuberculous treatment in ten patients, as tuberculosis is endemic in this part of the world. Thus, in all patients there was a patient's delay (decision to seek medical attention) and physician's delay (inability to timely recognize) to arrive at a diagnosis.
Thus, high clinical suspicion is the first diagnostic tool for the specialist surgeon in order to identify this lesion. The initial radiological study in acute trauma in AS patients may be negative (Fig. 1) , necessitating the use of CT and/or MRI scanning to increase the sensitivity [1, 4, 6, 7, 19, 20] . The initial radiograph of five patients with traumatic history was reported as without any bony injury in our series. The recognition of fractures and AL in individuals with AS may be complicated by their distorted bony anatomy and progressive deformity, making it more challenging to interpret radiographs [17] . Dilhman et al.
and Cawley et al. have attempted to classify inflammatory and non-inflammatory AL [14, 18] . The radiographs show destructive transdiscal/transvertebral lesion, irregular margins with sclerosis, reduction in space, local kyphosis, posterior element break and generalized changes of bamboo spine with syndesmophytes [1, 2, 19] . Most of our patients had all these features in radiographs (Table 1) . Widening, osteolysis, destruction, and sclerosis were absent in only one patient who had developed a second AL after undergoing surgery for the first AL and was detected early on new MRI. Posterior lesions were detected in seven patients with radiographs.
Flexion and extension radiographs are of value in demonstrating spinal instability [19] . CT scan has a complementary role in demonstrating bone erosion, irregularity, sclerosis and posterior element defect more accurately than conventional radiography [19] .
MRI shows increased signal intensity in T2 in early active inflammatory AS. Vertebral lesion margins in AL show decreased intensity in T1 and T2 images as they are non-inflammatory lesions. T1 weighted contrast images shows increased uptake adjacent to the vertebral margins. Pseudo arthritic fluid if present is apparent as high signal at the center of the lesion [19, 20] . The bone and soft tissue near the fracture line could be edematous for some time after trauma and present as high signal intensity on the T2-weighted images in some cases [20] . MR imaging can additionally show occult fractures in the anterior column/ spinous process/facet, cord changes, PLL/ALL tears, posterior ligament and soft tissue disruption. The imaging features characteristically correlated in all our patients (Table 2 ). Anterior and posterior lesions were evident in MRI of 14 lesions. Only one patient did not have the classic posterior element extension and was treated with vertebroplasty with good outcome.
The occurrence of AL is frequent enough to warrant differentiation from other infectious or tumorous conditions. The absence of soft tissue swelling, paravertebral mass or displacement and loss of fat planes are characteristic of AL which is against infection and tumor [21] . In AL the major part of the disc shows decreased signal intensity on T2 images, while generalized increased signal intensity due to inflammatory oedema and granulation tissue would be expected in established acute infective spondylitis [22] . Maintained integrity of anterior and posterior vertebral margin, absence of soft tissue mass and evident fat planes were consistently present in all our patients. This could differentiate it from infection. Contrast enhancement pattern can also help in differentiating AL from infection [20] . Both early and late bone scintigraphy can be used to identify AL complicating AS and to differentiate the lesion from infection but it lacks specificity [1, 23] .
Conservative treatment with brace, rest and physiotherapy can be effective [24] . But, at the more mobile cervical and thoracolumbar junction conservative management is less efficient [1] . Surgical instrumentation and fusion is considered the principle management in symptomatic AL that fails to resolve from a conservative treatment [1, 2, 6] .
Anterior decompression and bone grafting alone [2, 13, 18, 25] or with fixation [26] has been done in AL. Approaching a kyphosed spine anteriorly in presence of restrictive pulmonary function can be difficult and associated with more morbidity [7] . In everyday practice posterior stabilization is done, considering the cardiovascular and pulmonary disorders [4] . Long segmental posterior instrumentation with or without decompression followed by anterior fusion has been done for significantly displaced fractures or AL [4, 19, [27] [28] [29] [30] . Solid fusion can be achieved in these patients, with [6] or without bone grafting [8] , indicating intact bone reparative processes.
In all our cases single segment fixation and bone grafting achieved union (Figs. 1, 2) . Though, single stage posterior osteotomy to correct the deformity along with the fusion for AL is done at some centers [8, 31] , we only aimed to achieve fusion.
Surgery in elderly people is associated with higher rates of morbidity and mortality probably due to pre-existing medical conditions especially in AS [6, 7, [32] [33] [34] . Dural adhesions do occur in AL and can be recognized in MRI [19, 20] . This should be anticipated and dealt with accordingly. In our series, we had two dural tears. Five screws (instead of the planned four screws) were used in four cases due to the inability to position monoaxial screws into the slanting irregular lower vertebral body. This could have been avoided by using polyaxial screws with prior CT evaluation to anticipate the vertebral body structure and deficiency.
The potential for spinal instrumentation to subsequently act as a stress riser leading to fractures caudal or cephalad to the original level should also be kept in mind [35] . One of our cases had a second lesion caudal to the first, following trivial fall which was also managed operatively (Fig. 2) .
Another important part of the management program is education of the patient and his or her caregivers about the risks of injury and its primary prevention which principally involves alerting patients to the fragility of their spine and the importance of avoiding spinal trauma. All efforts should be made to prevent patient's delay in presentation and physician's delay in the diagnosis [7, 36, 37] .
Although, result bias has been avoided by complete assessment and analysis by the non operating authors (AK), (HR) and independent radiologist, there are limitations to the current study. This study was not a prospective study and we cannot conclude that pseudarthroses developed due to trauma in previously solid ankylosed segments or as a succession of an inflammatory lesion. Contrast MRI and CT would have given more detailed information that was not done in the current study. Union was assessed by subjective diagnostic confidence on conventional radiographs which can be unreliable. But, absence of implant failure with significant pain when taken into account is considered satisfactory. CT scan would have been ideal to assess union. Another limitation of the present study is that the long-term results are not available yet. The relatively limited number of subjects evaluated in this retrospective review does not allow us to make any definite conclusions regarding the optimal strategies for managing AL. But, there are a number of findings that are clearly of great interest to practitioners who regularly treat these patients. Although a number of case reports and small case series have been previously discussed, no studies of short segment posterior fixation are currently available to the best of our knowledge.
Conclusion
High index of suspicion is required in patients of late AS presenting with recent onset new pain. Thorough clinical and radiological assessment should be performed with MRI being a valuable tool to characterize these lesions. It is the unawareness in the orthopedic and radiology society which is actually responsible for the initial missed or wrong diagnosis. The clinical outcome of short segment fixation is favorable in AL. Registries for fractures and AL in ankylotic conditions of the spine should be maintained in order to acquire more knowledge on the natural history and prognosis of these injuries.
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